Objective: To describe the most common clinical factors and stroke etiologies in a case series of patients with end-stage renal disease on hemodialysis (ESRD/HD) with transient ischemic attack (TIA) or ischemic stroke (IS). Background: Prior studies have shown that patients on HD are at an elevated risk of stroke, but these studies have focused on the overall stroke risk. This case series sought to determine the percentage of acute ischemic events that occur during or immediately after HD. Methods: ICD-9 codes were used to identify IS and TIA patients with ESRD/HD admitted to the stroke service from August 22, 2011, to June 21, 2014. Charts were reviewed to determine the age, sex, and race/ethnicity of the cohort. TIA/IS diagnosis was confirmed by a vascular neurologist. Clinical factors were assessed, including: onset during or shortly after HD, defined as occurring within 12 h of HD; the presence of a lesion on diffusion-weighted MRI; hypotension, hyponatremia, or hypoglycemia at symptom onset; the stroke etiology; the presence of focal neurologic deficits; whether the patient was in the window period for intravenous tissue plasminogen activator (IVtPA) upon presentation, and whether the patient received IVtPA. Results: We identified 34 ESRD/HD patients with a diagnosis of TIA/stroke in the specified time period. A majority of patients (70.6%) were African American. Patient age ranged from 32 to 84 years, with a median age of 67 years. Twentyseven patients (79.4%) had confirmed ischemic infarcts on diffusion-weighted MRI. Seven patients (20.6%) were diagnosed with TIA. In 13 patients (38.2%), symptom onset occurred during or shortly after HD. Of these 13 patients, 8 (61.5%) had symptom onset during HD. Three patients (8.8%) had documented hypotension near the time of symptom onset, and 2 (5.9%) were hyponatremic on presentation to the emergency department. The distribution of stroke etiologies was as follows: 4 (11.8%) watershed distribution, 1 (2.9%) large artery atherosclerosis, 2 (20.6%) small vessel disease, 10 (29.4%) cardioembolic, and 9 (26.5%) cryptogenic. In 28 patients (82.4%), focal neurologic deficits were observed on presentation. Nine patients (26.5%) arrived within the window period for IVtPA, and 4 (11.8%) were eligible and received IVtPA. Conclusions: Of all patients with ESRD on HD admitted to the stroke service over the study period, over one third (38.3%) had the onset of their ischemic event during or shortly after HD, and nearly one quarter (23.5%) had the onset during HD. While clinicians may be tempted to attribute neurologic changes after HD to metabolic etiologies, they should also be aware that HD represents a period of elevated risk for acute ischemia.
Introduction
North America experienced a five-fold increase in the number of patients with end-stage renal disease (ESRD) between 1980 and 2001 [1] . Prior studies have shown that patients on hemodialysis (HD) are at an elevated risk of stroke, with the risk increasing as renal function declines [2, 3] . The US National Health and Nutrition Examination Survey (NHANES) 1999-2004 showed that patients with chronic kidney disease had a five-fold increase in stroke risk [3] . Despite these statistics, patients with a history of cardiovascular disease and ESRD/HD may be undertreated with aspirin, despite having no identifiable contraindication to it [2] .
HD can also lead to the development of a hypercoagulable state, in which prothrombin fragments 1 + 2 and thrombin-antithrombin complexes are elevated, while levels of endogenous anticoagulants, such as plasminogen, tissue plasminogen activator, proteins C and S, and antithrombin are decreased [1] . Routine periods of immobility several times a week may also be a factor predisposing to thrombotic events, as may endothelial trauma related to catheter placement or malfunction, and the use of erythropoietin [1] .
Additionally, HD has been associated with cardiac structural modifications and is also known to cause shifts in electrolyte balances, both of which may put patients at a higher risk of atrial fibrillation. Studies have shown that patient age, duration of HD therapy, and left atrial dilatation are associated with atrial fibrillation [4] . Atrial fibrillation has been reported in up to 13-27% of patients, which is much higher than in the general population [1, 4] . In a study evaluating the etiologies of ischemic stroke (IS) in ESRD/HD patients using the Trial of Org 10172 in Acute Stroke Treatment (TOAST) criteria, cardioembolism accounted for 28% of ischemic events [5] . Clinicians may be more hesitant to anticoagulate ESRD/HD patients, however, due to an increased risk of bleeding [1, 6] .
While there is extensive evidence showing an increased stroke risk in ESRD/HD patients, which increases over the months to years of HD therapy, there is little to no available data on the acute onset of stroke symptoms with regard to the most recent HD session. This case series sought to determine the percentage of acute ischemic events that occur during or immediately after HD and to describe the most common clinical factors and stroke etiologies in these patients.
Methods
ICD-9 codes were used to identify IS and transient ischemic attack (TIA) patients with ESRD/HD admitted to the stroke service from August 22, 2011, to June 21, 2014. Charts were reviewed to determine the age, sex, and race/ethnicity of the cohort. TIA/IS diagnosis was confirmed by a vascular neurologist at the time of the event. Clinical factors were assessed, including: onset during or shortly after HD, defined as 0-12 h from HD; the presence of a lesion on diffusion-weighted MRI; hypotension, hyponatremia, or hypoglycemia at symptom onset; the stroke etiology; the presence of focal neurologic deficits; whether the patient was in the window period for intravenous tissue plasminogen activator (IVtPA) upon presentation, and whether the patient received IVtPA.
Results
We identified 34 ESRD/HD patients with a diagnosis of TIA/stroke in the specified time period. A majority of patients (70.6%) were African American. Patient age ranged from 32 to 84 years, with a median age of 67 years. Twenty-seven patients (79.4%) had confirmed ischemic infarcts on diffusion-weighted MRI. Seven patients (20.6%) were diagnosed with TIA. In 13 patients (38.2%), symptom onset occurred during or shortly after HD, with 8 patients (23.5%) having symptom onset during HD, 3 (8.8%) immediately after HD, 1 (2.9%) within 3 h from HD, and 1 (2.9%) within 12 h of HD. Three patients (8.8%) had documented hypotension near the time of symptom onset, and 2 (5.9%) were hyponatremic on presentation to the emergency department. The distribution of stroke etiologies was as follows ( fig. 1 ): 4 (11.8%) watershed distribution, 1 (2.9%) large artery atherosclerosis, 2 (20.6%) small vessel disease, 10 (29.4%) cardioembolic, and 9 (26.5%) cryptogenic. In 28 patients (82.4%), focal neurologic deficits were observed on presentation. Nine patients (26.5%) arrived within the window period for IVtPA, and 4 (11.8%) were eligible and received IVtPA.
Discussion
Patients with ESRD/HD have a significantly elevated risk of stroke, which may be acutely elevated during and immediately after HD, as our data suggest. The stroke etiologies were similar to a prior study on stroke in patients with ESRD/HD, which also showed cardioembolism (28%) and cryptogenic/unknown (23%) as the most common etiologies [5] . Rates of atrial fibrillation tend to be higher in this population, but patients may be less likely to be treated with prophylactic anticoagulation due to concerns about a higher risk of bleeding complications [1, 6, 7] , and this may explain the high prevalence of cardioembolic events. IS consistent with a watershed distribution occurred in 11.8% of patients, which was close to the percentage (8.8%) of patients who had documented hypotension near the time of their event. Of all patients with ESRD on HD admitted to the stroke service over the study period, over one third (38.3%) had the onset of their ischemic event during or shortly after HD ( fig. 2 ) , and the majority of these patients (8 of 13) had symptom onset during HD. Clinicians should be aware that ESRD/HD patients are at a high risk for stroke, and this risk may be acutely elevated during HD. ESRD/HD patients may especially benefit from stroke education, as they are in a health care setting during HD and could feasibly get prompt treatment if they and their caregivers are able to recognize the signs/symptoms of stroke. In conclusion, the periprocedural stroke risk appears to be elevated in ESRD/HD patients.
